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Background of the Invention 

1 . Field of the Invention 

The invention relates to microlithographic projection exposure apparatuses such as are 
used for the production of microstructured components. The invention relates, in particu- 
lar, to projection exposure apparatuses with a projection lens designed for immersion 
mode. 

2. Description of Prior Art 

Integrated electrical circuits and other microstructured components are conventionally 
produced by applying several structured layers onto a suitable substrate, which may be, 
for example, a silicon wafer. In order to structure the layers, the latter are firstly covered 
with a photoresist that is sensitive to light of a particular wavelength range, for example 
light in the deep ultraviolet spectral region (DUV, deep ultraviolet). Subsequently the 
wafer that has been coated in this way is exposed in a projection exposure apparatus. In 
this process, a pattern of diffracting structures contained in a mask is imaged onto the 
photoresist with the aid of a projection lens. Since the lateral magnification in this case is 
generally less than 1, projection lenses of such a type are frequently also referred to as 
reduction lenses. 

After the photoresist has been developed, the wafer is subjected to an etching process, as 
a result of which the layer is structured in accordance with the pattern on the mask. The 
photoresist left behind is then removed from the remaining parts of the layer. This proc- 
ess is repeated until all the layers have been applied on the wafer. 
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One of the most prominent objectives in the development of the projection exposure ap- 
paratuses used for production is to be able to define lithographically structures having 
increasingly smaller dimensions on the wafer. Small structures result in high integration 
densities. This generally has a favourable effect on the performance of the microstruc- 
tured components produced with the aid of apparatuses of such a type. 

The size of the definable structures depends, above all, on the resolving power of the 
projection lens that is being used. Since the resolving power of the projection lenses is 
inversely proportional to the wavelength of the projection light, one approach for the 
purpose of increasing the resolving power consists in employing projection light having 
shorter and shorter wavelengths. The shortest wavelengths that are used at present are 
within the deep ultraviolet spectral region (DUV, deep ultraviolet) and amount to 193 nm 
or occasionally even 157 nm. 

Another approach for the purpose of increasing the resolving power starts from the idea 
of introducing an immersion liquid having a high refractive index into an immersion in- 
terspace that remains between a final lens of the projection lens on the image side and the 
photoresist or another light-sensitive layer to be exposed. Projection lenses that are de- 
signed for immersion mode, and that are therefore also designated as immersion lenses, 
may attain numerical apertures of more than 1, for example 1.3 or 1.4. However, the im- 
mersion not only enables high numerical apertures, and thereby an increased resolving 
power, but also has a favourable effect on the depth of focus. The greater the depth of 
focus, the less demanding are the requirements as regards an exact positioning of the wa- 
fer in the image plane of the projection lens. In the broader sense, one also speaks of 
immersion when the light-sensitive layer is covered by an immersion liquid without the 
final optical element of the projection lens on the image side necessarily being immersed 
in the immersion liquid. 

The implementation of immersion mode, however, requires considerable additional ef- 
forts in terms of structure and process engineering. For instance, it has to be ensured that 
the optical properties of the immersion liquid are spatially homogeneous and temporally 
constant - at least within the volume exposed to the projection light - even when the wa- 
fer with the photoresist applied thereon is moving relative to the projection lens. At the 
present time the associated technological problems have not yet been solved satisfacto- 
rily. 
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US 4 346 164 discloses a projection exposure apparatus having a container that is open 
towards the top for receiving the wafer, the upper edge of said container being located 
higher than the lower boundary surface of the final lens of the projection lens on the im- 
age side. Supply and discharge lines for an immersion liquid, which are connected to a 
pump, a temperature control device and a filter for cleaning the immersion liquid, lead 
into the container. During operation of the projection exposure apparatus, the immersion 
liquid is circulated in a fluid circuit whereby an interspace that remains between the 
lower boundary surface of the final lens of the projection lens on the image side and the 
wafer remains filled. 

However, despite cleaning the immersion liquid with the aid of the filter arranged in the 
fluid circuit, it is not possible to reliably prevent contaminants from reaching the final 
lens of the projection lens on the image side. These contaminants emanate above all from 
the photoresist that is in direct contact with the immersion liquid. The substances trans- 
ferring into the immersion liquid can attack the lens material in such a way that this lens 
has to be replaced with a new lens or at least has to be subjected to thorough cleaning 
outside the projection lens. In both cases it is necessary to remove the final lens and in- 
stall a new or cleaned lens with complete readjustment. Since the final lens on the image 
side is generally a high-aperture thick lens, its adjustment involves considerable effort. 
This leads to significant consequential costs due to production downtimes since the pro- 
jection exposure apparatus cannot be operated while the lens is being exchanged. 

WO 99/49504 discloses a projection exposure apparatus in which a small quantity of 
immersion liquid is held in the interspace that remains between the final lens of the pro- 
jection lens on the image side and the wafer. The immersion liquid remains underneath 
the final lens on the image side even when the wafer moves away during a displacement 
movement under the projection lens. This is enabled by several supply and discharge 
lines that are densely distributed around this region. In this case the immersion liquid 
escapes continuously out of the inlets and is sucked away again at the outlets. This pre- 
vents the immersion liquid from being entrained by the moving wafer. 

However, liquid gas bubbles form to a considerable extent due to the continuous supply 
and discharge of immersion liquid. These bubbles may, if they infiltrate the area of the 
immersion liquid through which projection light passes, disrupt the image and cause 
waste as a result. 
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The same also applies to such projection exposure apparatuses in which the immersion 
liquid is kept underneath the final lens on the image side with the aid of gas flows while 
the wafer moves away under the projection lens. The faster the scanning speed at which 
the wafer is moved past the projection lens, the greater in general the formation of bub- 
bles since the incident flow against the immersion liquid has to be greater so that the 
immersion liquid is not carried along with the moving wafer. 

In a projection exposure apparatus as disclosed in US 5 610 683 the problem of bubble 
formation is solved by inserting the wafer in a sealed cassette that is filled with immer- 
sion liquid. In this case a plane-parallel transparent cover plate represents the final opti- 
cal element of the projection lens on the image side which replicates the wafer's move- 
ments. This cannot cause turbulence due to shear forces that are generated by relative 
movements between the final lens on the image side and the wafer. However, the effort 
of inserting each wafer into a cassette and then filling it with an immersion liquid that 
has precisely defined properties is relatively high. 

Summary of the Invention 

It is therefore the object of the invention to specify a projection exposure apparatus de- 
signed for immersion mode that, with a simple structure, enables reliable and low- 
maintenance operation. 

This object is achieved by means of a projection exposure apparatus with an illumination 
system for generating projection light and a projection lens with which a reticle that is 
capable of being arranged in an object plane of the projection lens can be imaged onto a 
light-sensitive layer that is capable of being arranged in an image plane of the projection 
lens. The projection lens is also designed for immersion mode in which a final lens of the 
projection lens on the image side is immersed in an immersion liquid. According to the 
invention, a terminating element is provided that is transparent in respect of the projec- 
tion light and is capable of being arranged between the final lens on the image side and 
the light-sensitive layer in such a way that it is immersed in the immersion liquid, at least 
with its image-side boundary surface. 

The provision of a terminating element in the interspace between the final lens of the 
projection lens on the image side and the light-sensitive layer has, inter alia, the advan- 
tage that constituents issuing from the light-sensitive layer, or other contaminants arising 
there, are able to accumulate on the final lens on the image side at worst to a negligible 
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extent, since the terminating element, in particular the side thereof facing towards the 
light-sensitive layer, acts like a protective shield for the final lens on the image side. In 
this way the final image-side lens of the projection lens does not have to be removed, but 
only the terminating element occasionally has to be removed and mounted again after 
cleaning or exchange. Particularly if the terminating element is fastened to the projection 
lens from outside and can be removed and mounted without disassembly of the projec- 
tion lens, the effort required for this remains comparatively low. 

It is particularly preferable if an interspace that is capable of being filled up at least par- 
tially with immersion liquid remains between the final lens of the projection lens on the 
image side and the terminating element. In this further embodiment the terminating ele- 
ment is consequently immersed in immersion liquid on both sides, so that only a slight 
refraction of light also occurs on the boundary surface of the terminating element on the 
object side. The requirements as regards the adjustment and the manufacturing accuracy 
of the terminating element are correspondingly low. For, especially in the case of large 
numerical apertures, even a terminating element with plane-parallel shape reacts very 
sensitively to manufacturing defects, for example deviations from the nominal thickness, 
from the parallelism of the boundary surfaces and fitting errors. 

If the interspace is not filled completely with immersion liquid but only partially, a gas- 
filled region remains between the immersion liquid and the final lens on the image side. 
This may be advantageous, for example, when the projection lens is to be capable of be- 
ing converted between dry operation and immersion mode with as little effort as possi- 
ble. The fewer interspaces between fixed optical elements such as lenses or terminating 
elements are filled with immersion liquid, the less effect a change-over to immersion 
mode generally has on the adjustment of the projection lens. From this point of view it 
may even be advantageous not to allow the projection lens to be immersed in the immer- 
sion liquid, but to leave a gas-filled region between the terminating element and the im- 
mersion liquid. 

In an advantageous further embodiment of this configuration the projection lens has, for 
the purpose of introducing immersion liquid into the interspace between the final lens on 
the image side and the terminating element, a first immersion device which is independ- 
ent of a second immersion device for introducing immersion liquid into the interspace 
between the final optical element and the light-sensitive layer, so that no exchange of 
immersion liquid between the interspaces is possible. In this way it is ensured that con- 
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taminants issuing from the light-sensitive layer are unable to reach the final lens of the 
projection lens on the image side via the immersion liquid. 

In another advantageous configuration the terminating element has the same refractive 
index as the final lens of the projection lens on the image side and is optically coupled 
onto this lens with its object-side boundary surface in such a way that projection light 
passing through the projection lens is not refracted between the final lens on the image 
side and the terminating element. The absence of any refraction between the final lens 
and the terminating element results in a still smaller adjustment effort in the course of 
exchanging the terminating element. This can be realized, for example, by the final lens 
on the image side, the terminating element and also the immersion liquid located in be- 
tween them having the same refractive index. 

A refraction of the projection light between the final lens on the image side and the ter- 
minating element is also forestalled when the terminating element is optically contacted 
with the final lens on the image side and both elements have the same refractive index. 
But optical contacting is also useful, in appropriate circumstances, in the case of differ- 
ing refractive indices, since in this way the final lens on the image side is directly pro- 
tected against contaminants by the terminating element which is optically contacted 
therewith. The terminating element can be optically contacted with the final lens on the 
image side in particularly simple manner if the two boundary surfaces facing towards 
one another are flat. An adjustment is then superfluous, since the position of the termi- 
nating element along the optical axis and also the orientation in the plane perpendicular 
thereto are predetermined by the flat boundary surfaces. 

In a particularly preferred configuration a first interspace that is capable of being filled 
up with a first immersion liquid remains between the final lens of the projection lens on 
the image side and the terminating element. A second interspace that is capable of being 
filled with a second immersion liquid remains between the terminating element and the 
light-sensitive layer. The first interspace in this configuration is consequently capable of 
being separated from the second interspace in fluidically sealing manner. 

The first immersion liquid and the second immersion liquid do not necessarily have to be 
different. But the use of differing immersion liquids has the advantage, inter alia, that the 
immersion liquids can be optimally adapted to the specific conditions in the two inter- 
spaces. The first immersion liquid, which is in contact with the final lens of the projec- 
tion lens on the image side, may for example have a very low surface tension, which for 
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the second immersion liquid coming into contact with the light-sensitive layer would no 
longer be acceptable. The first immersion liquid also does not definitely have to be so 
easily cleanable as the second immersion liquid, since it cannot be contaminated by the 
light-sensitive layer. An adaptation of the two immersion liquids from the point of view 
of chemical reactivity can furthermore be undertaken. Since, for example, quartz glass 
and calcium fluoride crystals interact differently with adjoining liquids, the immersion 
liquids may be selected in such a way that they react chemically as little as possible with 
the adjoining optical faces. 

The terminating element in this configuration may be arranged in a displaceable manner. 
This makes it possible to distribute the shear forces acting on the immersion liquid, 
which arise as a result of the relative movement between the fixed projection lens and the 
light-sensitive layer, between the first immersion liquid and the second immersion liquid 
in a practically arbitrary ratio. 

If during a scanning operation of the projection exposure apparatus the terminating ele- 
ment is displaced synchronously with the light-sensitive layer, constant distributions of 
force in the immersion liquids can be achieved over the entire scanning operation. This 
favours the formation of laminar flows of liquid, counteracting the formation of bubbles. 
This applies, in particular, if the terminating element is displaced in a plane parallel to 
the light-sensitive layer. 

With regard to minimal movements of the second immersion liquid, it is particularly 
preferable if the terminating element and the light-sensitive layer have like displacement 
speeds and displacement directions during a projection. There is then no longer any rela- 
tive movement between the terminating element and the light-sensitive layer. The second 
immersion liquid then remains with freedom of movement within the second interspace, 
despite the common displacement movement of the light-sensitive layer and of the ter- 
minating element. For this reason it may also have a higher viscosity than the first im- 
mersion liquid. 

If flows within the second immersion liquid still arise, these have their origin in inertial 
forces which appear in the course of acceleration and deceleration during a scanning op- 
eration. If these inertial forces are small enough, additional measures, which are other- 
wise necessary in order to keep the immersion liquid in the interspace between the final 
lens on the image side and the light-sensitive layer, can be dispensed with. Since these 
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measures generally promote bubbling, this configuration of the invention permits bub- 
bles in the region of the second immersion liquid to be very largely avoided. 

Although in the region of the first immersion liquid a relative movement occurs between 
the projection lens and the terminating element in the course of a scanning operation, and 
as a result shear forces also arise that act on the first immersion liquid, the terminating 
element may, unlike the wafer, be provided with an edge which prevents an undesirable 
discharging of the first immersion liquid during scanning operation. Therefore also for 
the first immersion liquid no additional measures, such as, for instance, an incident flow 
of gases, are necessary in order to prevent a discharging of the immersion liquid. Conse- 
quently bubbles cannot arise, or cannot arise to an appreciable extent, in the first immer- 
sion liquid either. 

The edge may be formed directly on the terminating element. However, it is preferable if 
the edge is also part of a tank which is open in the direction towards the final lens of the 
projection lens on the image side and in the bottom of which the terminating element is 
arranged. The tank itself may then consist of an opaque material, for example a metal or 
a crystal. Crystals such as crystalline silicon, for example, have the advantage of being 
very dimensionally stable. On account of their low specific weight, their stiffness and 
their low chemical reactivity, ceramics, for example based on SiC, are also highly suit- 
able as material for the tank. The terminating element, which, for example, may consist 
of quartz glass, then forms merely a type of window at the bottom of the tank, through 
which the projection light can pass. 

In addition to having translational displaceability, the terminating element may also be 
capable of being tilted about a tilt axis parallel to the image plane. The tiltability consti- 
tutes an additional degree of freedom, with which movements of the first and second 
immersion liquids can be influenced. 

If the terminating element is, for example, tilted during a positioning movement in an 
exposure intermission in such a way that the largest spacing between the terminating 
element and the light-sensitive layer is situated at the front in the direction of motion, a 
kind of wedge-shaped gap arises between the terminating element and the light-sensitive 
layer. In this gap the second immersion liquid is entrained in the course of a positioning 
movement of the wafer over and beyond the light-sensitive layer. The tilting movement 
in this case may be effected in such a way that the shortest spacing between the terminat- 
ing element and the light-sensitive layer is so small that, as a consequence of cohesive 
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forces, the second immersion liquid is unable to pass through this gap. By virtue of this it 
is possible to displace the second immersion liquid over the surface of the wafer in a very 
simple manner, also over greater distances and at greater speeds. 

If an edge is provided on the terminating element, said edge should be dimensioned in 
such a way that in the course of a tilting movement of the terminating element the second 
immersion liquid is nevertheless prevented by the edge from discharging. Hence also in 
the course of positioning movements of the wafer, which are generally carried out at 
greater speeds than the displacement movements during an exposure, the necessity of 
entraining an immersion liquid with the aid of incident flows of gases, or with similar 
measures, also ceases to apply. Consequently no appreciable formation of bubbles can 
occur, even in the course of positioning movements. 

Alternatively, or also in addition to tiltability of the terminating element, there may be 
provision to displace the terminating element perpendicular to the image plane. The 
spacing between the light-sensitive layer and the terminating element may then, for ex- 
ample, be reduced so far that the immersion liquid remains in the second interspace 
solely by virtue of cohesive forces. 

If the second immersion liquid cannot be kept in the vicinity of the final lens on the im- 
age side merely by virtue of the cohesive forces or by virtue of a tilting of the terminat- 
ing element in the course of a movement of the wafer relative to the projection lens, a 
holding device known as such may additionally be provided, which holds the second 
immersion liquid in the second interspace in non-contacting manner. For this purpose the 
holding device may comprise, for example, at least one gas nozzle, the discharge aper- 
ture of which can be directed towards the second immersion liquid. 

In another advantageous configuration of the invention, at least the first interspace is ar- 
ranged in a sealable container. The container may be, for example, a type of housing 
which is penetrated by the projection lens and which covers the entire supporting struc- 
ture for the wafer. As a result of evaporation of the immersion liquid, after some time a 
saturation vapour pressure arises within the container, which prevents more immersion 
liquid from evaporating than condenses again simultaneously. In this way, latent heat of 
evaporation may not arise at those places where the immersion liquid comes into contact 
with a surrounding gas. Heat- sinks of such a type bring about an inhomogeneous distri- 
bution of temperature and hence also an inhomogeneous distribution of refractive index 
of the immersion liquid, as a result of which the imaging properties are impaired. 
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In general, however, it takes a very long time until the saturation vapour pressure has 
arisen in the container merely as a result of evaporation on the relatively small surface. 
Therefore, it is further preferable if the projection exposure apparatus comprises a supply 
device for supplying a vapour phase of the first immersion liquid in the container. Even 
if the first immersion liquid differs from the second immersion liquid, in general it is not 
necessary also to counteract an evaporation of the second immersion liquid, since as a 
consequence of the terminating element the interface to a surrounding gas is very small. 

A minimal cooling of the first immersion liquid is obtained when the vapour pressure of 
the vapour phase of the first immersion liquid in the container is capable of being ad- 
justed in such a way that it is at least approximately equal to the saturation vapour pres- 
sure of the vapour phase of the first immersion liquid at the temperature prevailing in the 
container. 

Another possibility for forestalling fluctuations of temperature within the first immersion 
liquid as a consequence of local evaporation consists in covering the first interspace in 
the upward direction at least partially by means of a cover. The cover reduces the size of 
the interface to a surrounding gas, on which cooling can occur as a result of evaporation. 
This cover may, for example, be constructed in such a way that only a small interspace 
filled with a gas remains between the cover and the first immersion liquid. The saturation 
vapour pressure arises relatively quickly there as a result of evaporation. 

But the gas in the interspace may also be a special protective gas, the density of which is 
greater than the density of a surrounding gas. As a consequence of the greater density, 
the protective gas is kept in the interspace by the force of gravity. The protective gas 
should furthermore be such that the solubility thereof in the second immersion liquid is 
as low as possible, preferably lower than 10" 4 percent by volume. In this way an undesir- 
able diminution of the transmitting power, or changes in refractive index within the sec- 
ond immersion liquid that have their origin in protective gas that has gone into solution, 
can be counteracted. 

It is even more favourable if the first immersion liquid directly adjoins the cover, so that 
an interface to a surrounding gas or to the aforementioned protective gas remains only 
where the cover is interrupted. 

This may be the case, for example, in the region of a recess which is provided in the re- 
gion of the final lens on the image side. The cover does not then touch the projection 
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lens; at the same time, an equalisation of level may take place via the peripheral gap be- 
tween the lens and the cover, so that the volume between the terminating element and the 
cover is always completely filled with the first immersion liquid. 

In this connection it is particularly favourable if the tank has an edge that slides in seal- 
ing manner along the underside of the cover during the displacement movement of the 
terminating element. The edge prevents, on the one hand, a lateral discharging of the first 
immersion liquid. At the same time, with its upward-pointing lateral face it forms a seal 
acting in the direction towards the cover. 

Preferably, a liquid film consisting of the first immersion liquid and acting as a lubricat- 
ing seal always remains between an upward-pointing lateral face of the edge and the 
cover. In order that this liquid film does not break away during a movement of the tank, a 
liquid reservoir may be sunk in the upward-pointing lateral face of the edge, out of which 
immersion liquid can subsequently flow. Preferably, the immersion liquid is under pres- 
sure in the liquid reservoir, so that the liquid film does not break away even when the 
relative movement between the tank and the cover generates a negative pressure in the 
marginal region of the edge. The pressure in the liquid reservoir may, for example, be 
generated by first immersion liquid being capable of being supplied under pressure to the 
liquid reservoir from outside the tank. 

In order to collect small amounts of the first immersion liquid which pass through the 
narrow gap between the edge of the tank and the cover and which display a lubricating 
action, on at least one outer side of the edge an overflow channel may be arranged which 
collects the overflowing first immersion liquid and conducts it away. 

In addition, in all the aforementioned configurations it is preferable if the terminating 
element has at least approximately the same refractive index as the first and second im- 
mersion liquids. In this way it is ensured that small maladjustments of the terminating 
element barely have any effect on the optical properties of said liquids. For this reason 
the refractive index of the terminating element preferably differs from the refractive in- 
dex of the adjoining immersion liquids by no more than 1% and preferably by no more 
than 0.5%. 

This can be obtained, for example, by the adjoining immersion liquids being water and 
by the terminating element consisting of LiF. 
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It is particularly favourable if the terminating element is without refractive power. 
"Without refractive power" here is to be understood to mean the property of an optical 
element of having no focusing or defocusing effect. An example of such an optical ele- 
ment is a plane-parallel plate made of a homogeneous material. Such a plate does in fact 
have an effect on the position of the image plane of the projection lens and on the correc- 
tion of the spherical aberration and must to this extent be taken into account in the design 
of said projection lens. However, provided that a difference in refractive index exists at 
the boundary surfaces, such a plate offsets beams impinging at an angle merely in paral- 
lel, the magnitude of the offset depending on the angle of incidence. A terminating ele- 
ment without refractive power is advantageous for the reason that, in this way, the re- 
quirements regarding the adjustment thereof can be lowered further and consequently the 
adjustment effort after a cleaning or an exchange of the terminating element is again re- 
duced. 

Quartz glass, for example, enters into consideration by way of material for the terminat- 
ing element. Since in the case of very short-wave projection light in the deep ultraviolet 
spectral region, in particular at a wavelength of 157 nm, quartz glass and other conven- 
tional optical materials are no longer sufficiently transparent, the use of calcium fluoride, 
barium fluoride or strontium fluoride crystals or even of mixed crystals such as calcium 
barium fluoride, for instance, has been proposed as a substitute. These materials also en- 
ter into consideration for the terminating element. However, these cubic crystals exhibit 
an intrinsic birefringence which results in an impairment of the imaging properties of the 
projection lens unless appropriate countermeasures are taken. 

For this reason the terminating element preferably comprises at least two members con- 
sisting of one of the stated crystals, the thicknesses of which are so chosen, and the crys- 
tal lattices of which are so orientated relative to one another, that the influence of intrin- 
sic birefringence on projection light passing through is at least approximately compen- 
sated. 

The members may, for example, be joined to one another seamlessly or may even be 
spaced from one another in the direction of the optical axis. In the last-mentioned case an 
interspace remaining between the members, which is preferably sealed all round, can 
likewise be filled with a liquid that is transparent for the projection light. The faces ad- 
joining the interspace between the members do not definitely have to be flat but may also 
exhibit a curvature. If the face of the object-side member pointing towards the interspace 
is concave and/or if the face of the image-side member pointing towards the interspace is 
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convex, then a good compensation of the intrinsic birefringence can also be achieved for 
beams that pass through the terminating element inclined at large aperture angles. An 
interspace in which the faces adjoining it are curved and run parallel to one another in 
such a way that the expansion of the interface along the optical axis is at least approxi- 
mately constant also has the advantage that [sic] 1 . 

In another advantageous configuration of the invention, at least one face of the terminat- 
ing element passed through by projection light is reworked by local removal of material 
with a view to correcting wavefront errors. This process, which is known as such, of 
compensating for wavefront deformations by slight removal of material, of the order of 
magnitude of a few nanometres, can be employed particularly effectively in the case of 
the terminating element, since the latter is located in the immediate vicinity of the image 
plane. In this connection it is to be noted that the quotient of the refractive indices of the 
terminating element and of the immersion liquid is less than in dry systems without im- 
mersion liquid, so that correspondingly more material has to be removed in order to 
achieve the same effect as in dry systems. Particularly when the terminating element is a 
plane-parallel plate, the reworking of one or both faces turns out to be particularly easy. 

In another advantageous configuration of the invention a protective layer that is imper- 
meable in respect of immersion liquid is applied onto at least one surface of the terminat- 
ing element that is able to come into contact with immersion liquid. Such a protective 
layer is advantageous in particular when fluoride crystals are used as material for the 
terminating element, since these crystals exhibit a relatively high solubility in water. As a 
result of the application of a layer of such a type, the material can be prevented from be- 
ing corroded if water or a substance containing water is used by way of immersion liq- 
uid. The application of such a protective layer is advantageous not only in conjunction 
with a terminating element but quite generally in the case of all optical elements consist- 
ing of cubic fluoride crystals, particularly in the case of calcium fluoride crystals that 
may come into contact with the immersion liquid. 

In the course of the application of a protective layer, care should be taken to ensure that 
the latter completely covers the face to be protected. Even extremely small openings in 
the protective layer may result in a penetration of immersion liquid and in the formation 
of underlayer corrosion. From this point of view, an ion-assisted deposition of a protec- 
tive layer of extremely high compactness (preferably greater than 98%) is advantageous, 



1 Translator's note: The original German sentence is not complete. 
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since as a result a local detachment of the protective layer in the course of operation of 
the projection exposure apparatus is largely prevented. The "compactness" of a material 
here is to be understood to mean, for a given degree of crystallinity, the ratio of the spe- 
cific density of the material to a reference density at which the material is perfectly free 
from cavities. 

Brief Description of the Drawings 

Further advantages and features of the invention will become apparent from the follow- 
ing description of the exemplary embodiments on the basis of the drawing. Shown 
therein are: 

Fig. 1 a meridional section through a projection exposure apparatus according to 



a first exemplary embodiment of the invention in greatly simplified, not- 
to-scale 5 schematic representation; 



Fig. 2 



an enlarged detail from the image-side end of a projection lens which is an 
integral part of the projection exposure apparatus shown in Fig. 1; 



Fig. 3 



a projection exposure apparatus according to a second exemplary em- 
bodiment of the invention in a representation corresponding to Fig. 2, 
wherein the terminating element is optically contacted with the final lens 
on the image side; 



Fig. 4 



a projection exposure apparatus with an additional horizontal partition ac- 
cording to a third exemplary embodiment of the invention in a detail rep- 
resentation corresponding to Fig. 1 ; 



Fig. 5 



a projection exposure apparatus with a displaced terminating element ac- 
cording to a fourth exemplary embodiment of the invention in a detail rep- 
resentation corresponding to Fig. 1 ; 



Fig. 6 



an enlarged detail from the image-side end of the projection lens which is 
an integral part of the projection exposure apparatus shown in Fig. 5, in a 
first displaced position of the support and of the terminating element; 




Fig. 7 the image-side end of the projection lens from Fig. 6 in a second displaced 

position of the support and of the terminating element; 

Fig. 8 the image-side end of the projection lens from Fig. 6 with tilted terminat- 

ing element; 

Fig. 9 an enlarged detail from the image-side end of a projection lens according 

to a fifth exemplary embodiment of the invention, wherein an additional 
cover covers the first interspace; 

Fig. 10 a further enlarged detail D from Fig. 9, in which the transition between the 

cover and an edge of a tank receiving the first immersion liquid is shown; 

Fig. 1 1 the image-side end of a projection lens according to a sixth exemplary em- 

bodiment of the invention, wherein the image-side face of the final optical 
element on the image side is curved; 

Fig. 12 the image-side end of a projection lens according to a seventh exemplary 

embodiment of the invention, wherein a gas-filled interspace remains be- 
tween the final optical element on the image side and the immersion liq- 
uid; 

Fig. 13 the image-side end of a projection lens according to an eighth exemplary 

embodiment of the invention, wherein the terminating element is divided 
up into two members along a curved face; 

Fig. 14 the image-side end of a projection lens according to a ninth exemplary 

embodiment of the invention with terminating element divided up in 
curved manner, which is completely received in immersion liquid; 

Fig. 15 the image-side end of a projection lens according to a tenth exemplary 

embodiment of the invention, wherein a gas-filled interspace remains be- 
tween the terminating element and the immersion liquid; 

Fig. 16 the image-side end of a projection lens according to an eleventh exemplary 

embodiment of the invention, wherein only the interspace between the fi- 
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nal optical element on the image side and the terminating element is filled 
with immersion liquid. 

Description of Preferred Embodiments 

Fig. 1 shows, in greatly simplified schematic representation, a meridional section through 
a microlithographic projection exposure apparatus denoted overall by 10 according to a 
first exemplary embodiment of the invention. The projection exposure apparatus 10 has 
an illumination system 12 for generating projection light 13, which, inter alia, comprises 
a light source 14, illuminating optics indicated by 16, and a diaphragm 18. In the exem- 
plary embodiment that is represented, the projection light has a wavelength of 157 nm. 

The projection exposure apparatus 10 further includes a projection lens 20 which con- 
tains a plurality of lenses, only a few of which, for the sake of clarity, are represented in 
exemplary manner in Fig. 1 and denoted by LI to L5. By reason of the short wavelength 
of the projection light 13, the lenses LI to L5 are fabricated from calcium fluoride crys- 
tals, which are still sufficiently transparent even at these wavelengths. The projection 
lens 20 serves to image, in reduced manner, a reticle 24 which is arranged in an object 
plane 22 of the projection lens 20 onto a light-sensitive layer 26 which is arranged in an 
image plane 28 of the projection lens 20 and applied on a support 30. 

The support 30 is fastened to the bottom of a tank-like container 32 which is open in the 
upward direction and which is capable of being displaced, in a manner not represented in 
any detail, parallel to the image plane 28 with the aid of a displacing device. The con- 
tainer 32 is filled up so far with an immersion liquid 34 that during operation of the pro- 
jection exposure apparatus 10 the projection lens 20 is immersed in the immersion liq- 
uid 34 with its final lens L5 on the image side. In the exemplary embodiment that is rep- 
resented, this lens L5 is a large-aperture and comparatively thick lens; but here a plane- 
parallel plate is also to be encompassed by the term "lens". 

Via a supply line 36 and a drainage line 38 the container 32 is connected to a condition- 
ing unit 40 in which a circulating pump, a filter for cleaning immersion liquid 34, and 
also a temperature-control device are contained in a manner known as such and therefore 
not represented in any detail The conditioning unit 40, the supply line 36, the drainage 
line 38 and also the container 32 form overall an immersion device denoted by 42 in 
which the immersion liquid 34 is circulated and in the process cleaned and kept at con- 
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stant temperature. The immersion device 42 serves, in a manner known as such, for in- 
creasing the resolving power and/or the depth of focus of the projection lens 20. 

In an interspace 43 remaining between the final lens L5 on the image side and the light- 
sensitive layer 26 an exchange element 44 is arranged, the details of which will be eluci- 
dated in the following on the basis of Fig. 2. 

Fig. 2 shows the image-side end face 45 of the projection lens 20 in an enlarged detail 
from Fig. 1 . In the enlarged representation it can be discerned that the terminating ele- 
ment 44 has the shape of a plane-parallel plate with, for example, a circular or rectangu- 
lar base area and is separably and adjustably attached to the image-side end face 45 of 
the projection lens 20 via two fastening elements indicated by 46 and 48. With a view to 
illustrating the separability, a screw connection 52 is indicated at the fastening element 
46. For the purpose of adjustment, fine-adjustment drives are provided which are indi- 
cated in Fig. 2 by micrometer screws 54, 55, 56 and 57. 

The terminating element 44 comprises two plate-like members 44a and 44b connected to 
one another, which have the same dimensions and which bear against one another seam- 
lessly. By reason of the short wavelength of the projection light 13, the two members 44a 
and 44b are also each fabricated from calcium fluoride crystals. The crystal lattices of the 
two members 44a, 44b are orientated in such a way that a rotationally symmetrical dis- 
tribution of intrinsic birefringence results overall for the terminating element 44. As an 
alternative to this, the terminating element 44 may also comprise more than two mem- 
bers with differing crystal orientations. With a total of four plane-parallel members it is, 
for example, possible to compensate for the delay caused by intrinsic birefringence to a 
very large extent for arbitrary directions of incidence. Examples of the crystal orienta- 
tions considered here can be gathered, for example, from WO 02/093209 A2, from WO 
02/099450 A2 and also from US 2003/0011896 Al. The full disclosure of these applica- 
tions is incorporated herein as the subject matter of the present application. 

In the case of the first exemplary embodiment shown in Fig. 2 the immersion liquid 34 
flows around the exchange element 44 from all sides and is located, in particular, in the 
two gap-like interspaces 64 and 66 which remain between the terminating element 44, on 
the one hand, and the light-sensitive layer 36 [sic] or the final lens L5 on the image side, 
on the other hand. 
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If emission of substances from the light-sensitive layer 36 [sic], or a mechanical detach- 
ment of relatively small parts thereof, occurs during the operation of the projection expo- 
sure apparatus 10, then the terminating element 44 prevents contaminants contained in 
the immersion liquid 34 from being able to reach the flat image-side boundary surface 68 
of the final lens L5 of the projection lens 30 [sic!] in unhindered manner. Although such 
a contact is also not totally ruled out, since the two gap-like interspaces 64 and 66 are not 
completely separated from one another, an exchange of liquid between the gap-like inter- 
spaces 64 and 66 is at least made considerably more difficult by the terminating ele- 
ment 44 situated in between. For this reason, contaminated immersion liquid 34 practi- 
cally does not ascend to the final lens L5 but is predominantly supplied via the drainage 
line 38 to the conditioning unit 40 and cleaned therein. 

By reason of the protective effect of the terminating element 44 it is hardly still neces- 
sary to exchange the final lens L5 on account of contamination by contaminated immer- 
sion liquid 34 and, in connection therewith, to adjust it in elaborate manner. 

An exchange of the terminating element 44, on the other hand, which is exposed in far 
higher measure to the contaminants emanating from the light-sensitive layer 26, turns out 
to be comparatively easy. For, in order to do this, the fastening elements 46 and 48 
merely have to be loosened from the housing of the projection lens 20 with the aid of the 
screw connections 52. The installation of the terminating element 44, which immediately 
follows a cleaning or an exchange, also requires little adjustment and is therefore easy. 
Due to the design in the form of a plane-parallel plate, the terminating element 44 is 
without refractive power and therefore has only comparatively little effect on the imag- 
ing properties. This holds, in particular, also for the reason that the terminating ele- 
ment 44 floats in the immersion liquid 34, so that, given suitable choice of the immersion 
liquid, only a very slight or even infinitesimal refractive effect arises at the boundary 
surfaces exposed to the projection light 13. 

For all the optical elements that are fabricated from fluoride crystals and that are able to 
come into contact with immersion liquid a protective layer is applied, preferably at least 
on the optically active faces, which protects the sensitive crystals from the immersion 
liquid. In the first exemplary embodiment represented in Fig. 2, protective layers 74, 76 
and 78 of such a type are therefore applied onto the flat image-side boundary surface 68 
of the lens L5 and also onto the upper side 70 and onto the underside 72 of the terminat- 
ing element 44. 
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The choice of the materials for the protective layers 74, 76 and 78 depends, above all, on 
the immersion liquid that is employed, which in turn is chosen taking the wavelength of 
the projection light that is being used into account. In the case of light wavelengths of 
193 nm, water, for example, enters into consideration by way of immersion liquid, which 
rapidly corrodes crystalline calcium fluoride on account of the relatively high solubility 
thereof in water. In this case the protective layers 74, 76, 78 preferably consist of Si0 2 or 
LaF 3 , since these materials are not soluble in water. 

In the case of a light wavelength of 157 nm, as used in the exemplary embodiment de- 
scribed above, certain oils have a higher transparency than water and are therefore better 
suited as immersion liquid. The likewise highly transparent materials MgF 2 and LaF 3 , for 
example, then enter into consideration as materials for the protective layers 74, 76, 78. 

The protective layers 74, 76, 78 consisting of the stated materials can be applied onto the 
boundary surfaces of the optical elements in question by evaporation coating in a vac- 
uum. 

Fig. 3 shows, in a representation based upon Fig. 2, a second exemplary embodiment of a 
microlithographic projection exposure apparatus, wherein for like parts use is made of 
the same reference numerals as in Fig. 2 and for parts corresponding to one another use 
is made of reference numerals augmented by 200. In the second exemplary embodiment 
the terminating element 244 is not separated from the final lens L205 on the image side 
via an interspace 66 but is optically contacted with said lens directly. Provided that the 
lens L205 and the terminating element 244 are fabricated from a material having the 
same refractive index, the projection light 13 passes through the boundary surface be- 
tween the terminating element 244 and the final lens L205 without being refracted. The 
fastening by optical contacting has the advantage that no fastening elements 46, 48 are 
required. In addition, after an exchange the terminating element 244 practically does not 
need to be adjusted, since the two flat boundary surfaces 270 and 268 facing towards one 
another pertaining to the terminating element 244 and to the lens L205, respectively, 
guarantee the correct arrangement by themselves in the course of optical contacting. 

The image-side face 272 of the terminating element 244 is reworked at some points 79a, 
79b - represented in Fig. 3 on a greatly exaggerated scale - by removal of material 
amounting to a few nanometres in such a way that wavefront errors caused by the projec- 
tion lens 220 are corrected. Since reworking methods of such a type are known as such, a 
more detailed elucidation will be dispensed with. 
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Fig. 4 shows, in a representation based upon Fig. 1 , a third exemplary embodiment of a 
projection exposure apparatus, wherein for like parts use is made of the same reference 
numerals as in Fig. 1 and for parts corresponding to one another use is made of reference 
numerals augmented by 300. The projection exposure apparatus shown in Fig. 4 differs 
from that shown in Fig. 1 in that it comprises not just one but two immersion devices 
342a and 342b which are independent of one another. The container 332 here is subdi- 
vided horizontally by a partition 80 into two partial containers 332a and 332b in such a 
way that the gap-like interspace 366 between the terminating element 44 and the final 
lens L5 on the image side is arranged totally within the partial container 332a, and the 
gap-like interspace 366 between the terminating element 44 and the light-sensitive 
layer 26 is arranged totally within the partial container 332b. The terminating element 44 
is sunk with clearance in a suitably shaped cut-out 82 in the partition 80 between the par- 
tial containers 332a and 332b. 

By virtue of the separation of the immersion liquids 334a and 334b in separate immer- 
sion devices 342a and 342b, contaminated immersion liquid from the partial container 
332b is prevented from getting into the gap-like interspace 366 between the terminating 
element 44 and the lens L5 and from being able to contaminate the latter in this way. 

In the following a fourth exemplary embodiment will be described on the basis of Figs. 5 
and 6, which show schematically a detail from the image-side end of a projection lens, 
and an enlarged detailed representation thereof, respectively. Parts similar to those in 
Figs. 1 to 4 are denoted by like reference numerals, and parts corresponding to one an- 
other are denoted by reference numerals augmented by 400. 

In the fourth exemplary embodiment a terminating element 444 is provided parallel to 
the image plane 28. The terminating element 444 is likewise constructed in the form of a 
plane-parallel plate which, however, is considerably larger than in the exemplary em- 
bodiments described above. In the exemplary embodiment that is represented, the termi- 
nating element 444 has a rectangular basic shape and is sunk into a bottom 486 of a tank 
488. The tank 488, which, for example, may be fabricated from metal, a ceramic or a 
crystal, serves for receiving a first immersion liquid 434a, which in the exemplary em- 
bodiment that is represented is de-ionised water. An edge 490 of the tank 488 is so high 
that, given an appropriate filling height of the first immersion liquid 434a, a first inter- 
space 492 remaining between the final lens L5 on the image side and the terminating 
element 444 is filled out completely with the first immersion liquid 434a. 
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Between the terminating element 444 and the light-sensitive layer 26 there remains a 
flatter second interspace 494 which is filled with a second immersion liquid 434b. In the 
exemplary embodiment that is represented, the second immersion liquid 434b is likewise 
de-ionised water. The second interspace 494 is so flat that the second immersion liquid 
434b is hindered solely by cohesive forces from discharging laterally out of the second 
interspace 494. The smaller the spacing between the terminating element 444 and the 
light-sensitive layer 26, the better the cohesive forces hold the second immersion liquid 
434b in the second interspace 494. 

In order to reduce the requirements as regards the parallelism of the terminating element 
444 relative to the image plane 28, a material having a refractive index that is as equal as 
possible to the refractive index of the surrounding immersion liquids 434a, 434b can be 
chosen for the terminating element 444. In the case where use is made of water by way 
of immersion liquid, LiF, which is still highly transparent at least at a wavelength of 193 
nm, is suitable, for example, by way of material for the terminating element 444. The 
difference in the refractive indices then amounts to only 0.0066. 

If the projection light has a particularly short wavelength, for example 157 nm, the first 
immersion liquid 434 [sic] may also consist of a fluorinated hydrocarbon that has a 
higher transmission than water at these wavelengths. For the second immersion liquid 
434b the somewhat lower transmission is not too disadvantageous, inasmuch as the 
height of the second interspace 494 will generally be very low. In addition, water has the 
advantage that it corrodes the light-sensitive layer 26 less severely than is the case, for 
instance, with fluorinated hydrocarbons. 

In the fourth exemplary embodiment the projection exposure apparatus is designed for 
scanning operation. This means that the reticle 24 is displaced in the object plane 22 dur- 
ing the projection. Synchronously with this, the support 30 with the light-sensitive 
layer 26 applied thereon is also displaced parallel to the image plane 28. The lateral 
magnification of the projection lens 420 determines the ratio of the displacement speeds 
and the displacement directions of the reticle 24 and of the support 30. 

For this purpose, the support 30 is clamped, with the aid of clamping elements 31a, 31b 
which are discernible in Fig. 5, on a displaceable table 33 which is ordinarily designated 
as a wafer stage. The table 33 can be displaced with great accuracy parallel to the image 
plane 28 in a manner known as such with the aid of actuating drives. The actuating 
drives are represented in simplified manner in Fig. 5 and are denoted by 35a and 35b. 
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Manipulators 497a, 497b are fastened to the table 33, so that said manipulators jointly 
execute displacement movements of the table 33. The manipulators 497a, 497b are con- 
nected to the tank 488 via actuating arms 498a, 498b. The manipulators 497a, 497b are 
constructed in such a way that they are able to move the tank 488 parallel to the image 
plane 28 and relative to the table 33, to displace it perpendicular thereto, i.e. parallel to 
an axis OA, and also to tilt it relative to the image plane 28. In the exemplary embodi- 
ment that is represented, tilting movements in particular are possible about two horizon- 
tal axes which extend perpendicular to directions of motion of the table 33 and perpen- 
dicular to the optical axis OA. 

Furthermore, in Fig. 5 optional gas-discharge nozzles 499a, 499b are discernible, with 
which a stream of gas can be directed onto a peripheral gap which is formed between the 
edge 490 of the tank 488 and the light-sensitive layer 26. 

The projection exposure apparatus shown in Figs. 5 and 6 operates as follows: 

During a scanning operation the table 33 is displaced together with the manipulators 
497a, 497b in the direction of the arrow 496b (see Fig. 6) with the aid of the actuating 
drives 35a, 35b. The manipulators 497a, 497b execute no actuating movements during 
this process, so that the tank 488 with the terminating element 444 sunk therein moves 
synchronously and at the same displacement speed and in the same displacement direc- 
tion with the table 33 and consequently also with the light-sensitive layer 26. In Fig. 6 
this is indicated by an arrow 496a which has the same direction and length as the arrow 
496b. The tank 488 consequently moves away beneath the projection lens 420 during the 
scanning operation together with the light-sensitive layer 26. 

Fig. 7 shows, in a detail corresponding to Fig. 6, the relative position of the tank 488 and 
of the light-sensitive layer 26, on the one hand, and of the projection lens 420, on the 
other hand, at the end of the scanning operation. Since the tank 488 moves synchro- 
nously, in parallel and at the same displacement speed as the light-sensitive layer 26 dur- 
ing the scanning operation, no shear forces act on the second immersion liquid 434b in 
the second interspace 494. The second immersion liquid 434b therefore remains in the 
second interspace 494 also during the displacement movements of the support 30. An 
incident flow on the second immersion liquid 434b with gases emerging from the dis- 
charge nozzles 499a, 499b may therefore be reduced or may even become superfluous. 
Hence one of the significant causes of the formation of bubbles in the second immersion 
liquid 434b ceases to apply, either entirely or partially. 
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Since the first immersion liquid 434a remains in the tank 488 solely by reason of the 
force of gravity, here too no incident flow with gases is required in order to prevent an 
escape of the immersion liquid during the scanning operation. Bubbles are also unable to 
arise to an appreciable extent as a result of the intermixing which the fixed projection 
lens 420 brings about in the first immersion liquid 434a passing by. Such an intermixing 
is entirely desirable, since in this way the formation of relatively large temperature gradi- 
ents is counteracted. 

Overall it is possible for considerably diminished numbers of rejects to be achieved in 
this way, since neither in the first immersion liquid 434a nor in the second immersion 
liquid 434b can bubbles arise to an appreciable extent as a consequence of the displace- 
ment movements during a scanning operation. 

Between consecutive exposure cycles it is frequently necessary to reposition the sup- 
port 30, with the light-sensitive layer 26 applied thereon, with respect to the projection 
lens 420. The displacement speeds in the course of these positioning movements are gen- 
erally distinctly higher than in the course of the movements during exposure. 

If the tank 488 is exactly the same size as the light-sensitive layer 26 applied on the sup- 
port 30, during positioning movements of such a type the tank 488 can be displaced just 
as synchronously and at the same speed as has been described above in connection with 
the scanning operations. In general, however, for various reasons it will be expedient if 
the tank 488 has smaller dimensions parallel to the image plane 28 than the light- 
sensitive layer 26 applied on the support 30. For example, the smaller the tank 488, the 
smaller also is the interface of the first immersion liquid 434a to a surrounding gas. Ac- 
cordingly, less heat of evaporation is also withdrawn from the first immersion liquid 
434a. This in turn has a favorable effect on a homogeneous distribution of temperature, 
and hence of refractive index, within the first immersion liquid 434a. From this point of 
view it would be ideal if the tank 488 is only slightly larger than the region on the light- 
sensitive layer 26 that is exposed overall during a scanning operation. 

For larger positioning movements, however, a smaller tank 488 means that the tank 488 
cannot jointly execute this movement, at least not fully. In this case a relative movement 
between the light-sensitive layer 26 and the terminating element 444 is unavoidable. This 
relative movement is generated by the manipulators 497a, 497b which are fastened to the 
table 33. 
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In order to prevent formation of bubbles in the second immersion liquid 434b also during 
a faster positioning movement of the support 30, in the fourth exemplary embodiment 
represented in Figs. 5 to 7 the entire tank 488 can be additionally tilted with the aid of the 
manipulators. 

In Fig. 8 the image-side end of the projection lens 420 is shown in a representation based 
upon Figs. 6 and 7, the tank 488 having been tilted by 2 degrees. The tilt axis, which is 
denoted in Fig. 8 by TA, extends perpendicular both to the optical axis OA and to the 
direction of motion 496b of the support 30. By virtue of the tilting movement of the tank 
488 about the axis TA, the second interspace 494, which has a constant height during a 
scanning operation, is given the shape of a wedge-like prism. In the tilted position of the 
tank 488 the end of the tank 488 situated at the rear in the direction of motion 496b is 
removed just so far from the light-sensitive layer 26 that damage thereto is avoided. The 
cohesive forces now acting more strongly prevent, even at higher positioning speeds, the 
second immersion liquid 434b from emerging from the second interspace 494, whereas 
the support 30 moves away in the direction of the arrow 496b beneath the fixed or at 
worst slowly moving tank 488. 

If during the scanning operations the spacing between the light-sensitive layer 26 and the 
terminating element 444 is so small that a tilting movement about the tilt axis TA could 
involve damage to the layer 26, alternatively a tilt axis may be chosen that extends 
through the end of the tank 488 situated at the rear in the direction of motion 496b. For 
the manipulators 497a, 497b this means that the manipulator 497b raises the side of the 
tank 488 situated at the front in the direction of motion by the requisite distance. 

In order in the third exemplary embodiment shown in Figs. 5 to 8 to prevent undesirable 
losses of heat of the first immersion liquid 434a and of the second immersion liquid 
434b, the projection exposure apparatus has a container 90 which tightly seals the space 
surrounding the immersion liquids 434a, 434b outwardly. Via an inlet 92, water vapour 
which is generated by an evaporator 94 can be introduced into the space surrounded by 
the container 90. The water vapour is introduced until such time as the saturation vapour 
pressure applying at the existing temperature is attained, at least approximately, within 
the space surrounded by the container 90. In this way the immersion liquids, which here 
each consist of water, are prevented from gradually evaporating, which would result in a 
cooling of the liquid at the interfaces to the surrounding atmosphere. It will be under- 
stood that in the event of a change-over to other immersion liquids other liquids also 
have to be evaporated correspondingly in the evaporator 94. 
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A fifth exemplary embodiment will be described in the following on the basis of Figs. 9 
and 10, which show schematically a detail from the image-side end of a projection lens 
and an enlarged detailed representation D thereof, respectively. Parts similar to those in 
Figs. 1 to 4 are denoted by identical reference numerals; parts that have counterparts in 
the fourth exemplary embodiment bear reference numerals augmented by 100. 

In the fifth exemplary embodiment, in contrast with the third exemplary embodiment 
shown in Figs. 5 to 8 5 an additional cover plate 500 is provided which almost totally cov- 
ers the tank 588 in the upward direction. The cover plate 500, which does not have to be 
transparent, has an opening 502, through which the image-side end of the projection lens 
520 is immersed in the first immersion liquid 534a. The edge 590 of the tank 588 slides 
along the underside of the cover plate 500 in the course of a displacement movement of 
the tank 588 indicated by an arrow 596a. 

The space between the cover plate 500 and the tank 588 is filled out completely with the 
first immersion liquid 534a. For this purpose the opening 502 is so dimensioned that a 
peripheral gap 504 remains around the image-side end of the projection lens 520, in 
which a liquid level can be adjusted. 

Fig. 10 shows an enlarged detail D from the region of the edge 590. In the detail D it can 
be discerned that the edge 590 of the tank 588 is provided on its upward-pointing lateral 
face with a peripheral wedge-shaped groove 506 and with a likewise peripheral rectangu- 
lar groove of larger cross-section, which constitutes a reservoir 508 for the immersion 
liquid 534a. The reservoir 508 and the wedge-shaped groove 506, which is connected to 
the reservoir 508 via a duct 510, are always filled with the first immersion liquid 534a, so 
that a thin liquid film is formed on the upward-pointing lateral face of the edge 590. This 
liquid film acts as a lubrication and in this way enables low-friction and vibration-free 
sliding of the tank 588 along the underside of the cover plate 500. 

In order to ensure that the liquid film does not break away in the course of a movement 
of the tank 588 away beneath the cover plate 500, with gas bubbles thereby being intro- 
duced into the first immersion liquid 534a, the first immersion liquid 534a in the reser- 
voir 508 and in the wedge-shaped groove 506 is under a slight overpressure. This over- 
pressure is generated by first immersion liquid 534a being constantly supplied under 
pressure to the reservoir 508 via a supply line 512. At the same time, excess first immer- 
sion liquid 534a is able to flow away via a drainage line 514. If the contact pressure gen- 
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erated by the dead weight of the cover plate 500 does not suffice by way of counterpres- 
sure, the cover plate 500 can be additionally loaded, for example with the aid of springs. 

For the case where first immersion liquid 534a emerges through a somewhat wider gap 
516 on the outside of the edge 590, a peripheral overflow channel 518 is provided which 
collects emergent first immersion liquid 534a and conducts it away in a manner not rep- 
resented in any detail. A protective gas 519 that is heavier than air and that, for example, 
may have the property of having only very low solubility in respect of the first immer- 
sion liquid 534a may be charged into the overflow channel 518. As a result, molecules 
from a gas surrounding the entire arrangement, which impair the optical properties of the 
first immersion liquid 534a in undesirable manner, are prevented from going into solu- 
tion. Preferably, the protective gas 5 1 9 in the overflow channel 518 is renewed continu- 
ously, in order to counteract a gradual intermixing with the surrounding gas. 

The seal in the region of the edge 590 is of importance to the extent that the support 30 
of the light-sensitive layer 26 is not only frequently displaced in a plane parallel to the 
image plane 28 but, with a view to diminishing imaging errors, can also be tilted slightly 
about a horizontal axis. If the cover plate 500 is then not to be tilted together with it, the 
seal in the direction towards the edge 590 must be so constructed that it guarantees suffi- 
cient imperviousness in relation to the cover plate 500 even in the case of relatively small 
tilting movements of the tank 588. 

If the case may arise that the lubrication by the first immersion liquid 534a is not suffi- 
cient for a short time, for the cover plate 500 and the edge 590 it is advisable to choose 
materials or coatings of these parts that minimize or even entirely avoid a contamination 
of the first immersion liquid 534a as a consequence of abrasion in the course of start-up. 
Aluminium oxide or diamond, for example, enter into consideration here as coatings. 

The cover plate 500 has, on the one hand, the advantage that the occurrence of waves in 
the tank 588 is prevented. On the other hand, the cover plate 500 limits the interface of 
the first immersion liquid 534a relative to a surrounding atmosphere to the narrow pe- 
ripheral gap 504 which remains between the image-side end of the projection lens 520 
and the cover plate 500. In this way only very little heat is withdrawn from the first im- 
mersion liquid 534a as a consequence of evaporation. This in turn diminishes the tem- 
perature gradient and hence the refractive-index gradient within the first immersion liq- 
uid 534a, which is formed in the course of heating by the projection light 13. In the case 
of the second immersion liquid 534b the problem of evaporation does not exist to an ap- 
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preciable extent, inasmuch as the interface between the second immersion liquid 534b 
and a surrounding atmosphere is in any case very small. 

In order to introduce the immersion liquids 534a, 534b into the first and second inter- 
spaces 592 and 594, respectively, a relatively small amount of the second immersion liq- 
uid 534b may firstly be applied onto the light-sensitive layer 26. Subsequently, the un- 
derside of the tank 588 is mounted on one side or parallel, and the second immersion 
liquid 534b is expressed in bubble-free manner. The spacing between the tank 588 and 
the light-sensitive layer 26 can later be adjusted precisely with the aid of the manipula- 
tors 497a, 497b. 

Subsequently the cover plate 500 is laid over the tank 588. In order to fill the tank 588 
with the first immersion liquid 534a, the latter may, for example, be charged via the pe- 
ripheral gap 504 which remains between the projection lens 520 and the cover plate 500. 
However, it will be easier if the edge 590 of the tank 588 is provided with an inlet and 
with an outlet, via which the first immersion liquid 534a can be charged into the tank 588 
and removed therefrom. During operation of the projection exposure apparatus the first 
immersion liquid 534a may also be circulated continuously in a circuit, as elucidated in 
connection with the first three exemplary embodiments. 

Of course, the arrangement shown in Figs. 9 and 10 may likewise be accommodated in a 
container 90, as shown in Fig. 5 with reference to the fourth exemplary embodiment. In 
this way the evaporation of the immersion liquids is further reduced. 

Figs. 1 1 to 16 each show, in schematic representations based upon Fig. 2, the image-side 
end of projection lenses according to further exemplary embodiments of the invention. In 
these Figures, for parts similar to those in Fig. 2 use is made of the same reference nu- 
merals, and for parts corresponding to one another use is made of reference numerals that 
are augmented by 600, 700, 800, 900, 1000 and 1 100, respectively. 

In the sixth exemplary embodiment shown in Fig. 1 1 the image-side boundary surface 
668 of the final lens L605 on the image side is not flat but curved in aspherically concave 
manner. For it has been shown that, in the case of immersion objectives in particular, an 
aspherically curved face in the immediate vicinity of the image plane 28 is particularly 
well suited for the correction of higher-order imaging errors. The prerequisite for this, 
however, is that the refractive indices of the final lens L605 on the image side and of the 
immersion liquid 34 differ sufficiently from one another. 
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In the case of the projection lens 620 the terminating element 644 also comprises two 
members 644a, 644b which are fabricated from calcium fluoride crystals or from similar 
cubically crystalline crystals with suitably chosen crystal orientations. In the exemplary 
embodiment that is represented, the final lens L605 on the image side consists of quartz 
glass. As an alternative to this, the final lens L605 on the image side may likewise con- 
sist of a cubically crystalline material. The crystal orientations of the crystals that the 
final lens L605 on the image side and the members 644a, 644b consist of may then like- 
wise be so aligned that a very extensive correction of the intrinsic birefringence is 
achieved. The way in which a reciprocal birefringence compensation can be achieved 
with three crystal orientations rotated relative to one another about the optical axis is de- 
scribed in detail in the printed publications WO 02/093 209 A2, WO 02/099 450 A2 and 
US 2003/001 1896 Al already mentioned above. 

In the seventh exemplary embodiment represented in Fig. 12 the first interspace 792 re- 
maining between the final lens L705 on the image side and the terminating element 744 
is not filled with immersion liquid 34 completely but only partially. Therefore a gap-like 
interspace 793 filled with a surrounding gas remains between the final lens L705 on the 
image side and the immersion liquid 34. 

This variant is particularly advantageous in the case of projection lenses that are pro- 
vided both for dry operation and for immersion mode. In order to have to perform as few 
modifications as possible to the projection lens in the event of a change from dry opera- 
tion to immersion mode, and vice versa, the optical conditions should change at as few 
boundary surfaces as possible. In the case of the projection lens 720, for this reason the 
image-side face 768 of the final lens L705 on the image side still adjoins a surrounding 
gas and not, for instance, immersion liquid 34. 

On the other hand, also in the case of the projection lens 720 it is guaranteed that the 
terminating element 744 is surrounded by the immersion liquid 34 on both sides. On ac- 
count of the lower refractive-index quotient at the boundary surfaces of the terminating 
element 744, positional tolerances and manufacturing tolerances of the terminating ele- 
ment 744 may consequently only have a slight effect on the imaging properties of the 
projection lens 720. 

In the eighth exemplary embodiment shown in Fig. 13 the terminating element 844, 
which is plane-parallel overall, likewise comprises two members 844a, 844b which may 
consist of cubically crystalline materials with differing crystal orientations. In contrast 
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with the exemplary embodiments described above, the boundary surface between the two 
members 844a, 844b in the case of the projection lens 820 is not flat but curved. Fur- 
thermore, the two members 844a, 844b are not optically contacted with one another di- 
rectly but are spaced from one another, so that a narrow gap 899 remains between the 
members 844a, 844b, which in the case of the projection lens 820 is filled with a sur- 
rounding gas. 

In the case of the projection lens 820 only the image-side member 844b comes into con- 
tact with the immersion liquid 34. Therefore it will generally be sufficient to exchange 
only the member 844b when required. The object-side member 844a, on the other hand, 
may be mounted on or in the projection lens 820 in such a manner that an exchange can 
only be carried out with major effort. Consequently only the member 844b constitutes an 
exchange element in the real sense of the word. 

The partitioning of the terminating element 844 into two members 844a, 844b along a 
curved parting surface has the advantage that the image-side member 844b is likewise 
relatively insensitive to manufacturing tolerances arid positional tolerances. For, on the 
one hand, the image-side face is immersed in immersion liquid 34, so that the refractive- 
index quotient there is small. On the other hand, on the object-side face of the member 
844b only relatively small entrance angles arise by reason of the convex curvature 
thereof in the case of light beams that pass through the terminating element 844 at large 
angles relative to the optical axis, so that manufacturing tolerances and positional toler- 
ances are able to have less effect there. 

The projection lens 920 shown in Fig. 14 according to a ninth exemplary embodiment 
differs from the projection lens 820 merely by virtue of the fact that the immersion liquid 
34 comes directly up against the final lens L905 on the image side. Therefore, unlike in 
the case of the projection lens 820 shown in Fig. 13, both the gap 999 remaining between 
the two members 944a, 944b and the first interspace 992 between the final lens L905 on 
the image side and the terminating element 944 are filled up with immersion liquid 34. 
Positional tolerances and manufacturing tolerances of the terminating element 944 have 
even less effect on the imaging properties of the projection lens in this variant 

Since, although the object-side member 944a is exposed to the immersion liquid 34, it is 
relatively well protected by the final lens L905 on the image side or by the image-side 
member 944b, also in the case of the projection lens 920 an exchange of optical elements 
on account of contamination may be restricted to the image-side member 944b. How- 
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ever, the immersion liquid 34 reaching as far as the final lens L905 on the image side 
necessitates more extensive modifications if a change-over from dry operation to immer- 
sion mode is desired. 

Fig. 15 shows an image-side end of a projection lens 1020 according to a tenth exem- 
plary embodiment of the invention. Unlike in the case of the exemplary embodiments 
described previously, the terminating element 1044 is not immersed in the immersion 
liquid 34. The faces of the terminating element 1044 that are permeated by projection 
light consequently adjoin a surrounding gas both on the object side and on the image 
side. This arrangement is also advantageous, in particular, in the case of projection lenses 
that are to be suitable both for dry operation and for immersion mode. This is because the 
arrangement shown in Fig. 15 requires particularly few modifications in the event of a 
change-over between the operating modes. On the other hand, the optical conditions at 
the two boundary surfaces of the terminating element 1044 are largely identical. This is 
advantageous to the extent that, in particular, imaging errors that are generated by posi- 
tional tolerances, for example tilting movements, at the object-side boundary surface, are 
compensated really well by imaging errors acting in the opposite sense on the image-side 
boundary surface. 

The projection lens 1 120 shown in Fig. 16 differs from the projection lens 1020 shown in 
Fig. 15 by virtue of the fact that the first interspace 1 192 between the final lens LI 105 on 
the image side and the terminating element 1 144 is filled out not with a surrounding gas 
but with a liquid 1 134. The image-side face of the terminating element 1 144 is therefore 
comparatively insensitive to manufacturing tolerances, in particular fitting errors, of the 
terminating element 1 144. 

The second interspace 1 194 between the terminating element 1 144 and the light-sensitive 
layer 26 can be filled up either 2 partially with immersion liquid 34, as is the case with 
the projection lens 1020 shown in Fig. 15. During dry operation, as shown by Fig. 16, the 
light-sensitive layer 26 is not covered by immersion liquid. 



Translator's note: The term "entweder" [either] occurs in the German but there is no e Wer" [or] to 
complete the sentence. 
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Claims 

1. Microlithographic projection exposure apparatus comprising: 

a) an illumination system (12) for generating projection light (13), 

b) a projection lens (20; 220; 320; 420; 520; 620; 720; 820; 920; 1020; 1 120), 

i) with which a reticle (24), that is capable of being arranged in an object 
plane (22) of the projection lens, can be imaged onto a light-sensitive layer 
(26) that is capable of being arranged in an image plane (28) of the projec- 
tion lens and 

ii) the projection lens is designed for immersion mode in which a final lens 
(L5; L205; L605; L705; L805; L905; L1005; LI 105) of the projection lens 
on the image side is immersed in an immersion liquid (34; 334a; 434a; 
534a), 

characterised by 

c) a terminating element (44; 244; 444; 544; 644; 744; 844; 944; 1044; 1 144) that is 
transparent in respect of the projection light is disposable between the final lens 
on the image side and the light-sensitive layer in such a manner that it is im- 
mersed at least with its boundary surface (72; 272) on the image side in the im- 
mersion liquid. 

2. Projection lens according to claim 1, characterised in that the terminating element 
(44 ; 244; 644; 744; 844; 944; 1044; 1144) is fastened to the projection lens (20; 
220; 620; 720; 820; 920; 1020; 1120) from outside. 

3. Projection lens according to claim 2, characterised in that the terminating element 
(244) is optically contacted with the final lens on the image side (L205). 

4. Projection exposure apparatus according to claim 1 or 2, characterised in that an 
interspace (66; 492; 592; 692; 792; 992; 1192), that is capable of being filled up 
at least partially with an immersion liquid (34; 434a; 534a), remains between the 
final lens (L5; L605; L705; L905; LI 105) of the projection lens (20; 320; 420; 
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520; 620; 720; 820; 920; 1020; 1120) on the image side and the terminating ele- 
ment (44; 444; 544; 644; 744; 944; 1 144). 

5. Projection exposure apparatus according to claim 4, characterised in that the in- 
terspace (66; 492; 592; 692; 1192) is capable of being filled completely with im- 
mersion liquid (34; 334a; 434a; 534a). 

6. Projection lens according to one of the preceding claims, characterised by an im- 
mersion device (42; 342a, 342b) for the introduction of an immersion liquid (34; 
334a, 334b) into a space (64, 66; 264; 364, 366) above the light-sensitive layer 
(26). 

7. Projection exposure apparatus according to one of claims 4 or 5 and according to 
claim 6, characterised in that the projection lens (20) has, for the purpose of intro- 
ducing immersion liquid (334a) into the interspace (366) between the final lens on 
the image side (L5) and the terminating element (44), a first immersion device 
(342a) which is independent of a second immersion device (342b) for introducing 
immersion liquid (334b) into an interspace (364) between the final optical ele- 
ment (L5) and the light-sensitive layer (26) such that no exchange of immersion 
liquid (334a, 334b) between the interspaces (366, 364) is possible. 

8. Projection exposure apparatus according to one of the preceding claims, charac- 
terised in that the terminating element (244) has the same refractive index as the 
final lens (L205) of the projection lens on the image side and optically coupled 
onto this lens with its object-side boundary surface (270) in such a way that pro- 
jection light (13) passing through the projection lens is not refracted between the 
final lens (L205) on the image side and the terminating element (244). 

9. Projection exposure apparatus according to claim 1, characterised in that remain- 
ing between the final lens (L5; L605; L705; L905) of the projection lens (20; 320; 
420; 520; 620; 720; 920) on the image side and the terminating element (44; 444; 
544 ; 644; 744; 944) is an interspace (66; 492; 592; 692; 792; 992) that can be 
filled up at least partially with a first immersion liquid (34; 334a; 434a; 534b) and 
that a second interspace (64; 494; 594) that can be filled up at least partially with 
a second immersion liquid (34; 334b; 434b; 534b) remains between the terminat- 
ing element and the light-sensitive layer (26). 
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10. Projection exposure apparatus according to claim 9, characterised in that the ter- 
minating element (444; 544) is arranged so as to be displaceable. 

11. Projection exposure apparatus according to claim 10, characterised in that the 
terminating element (444; 544) can be displaced synchronously with the light- 
sensitive layer (26) during a scanning operation of the projection exposure appa- 
ratus (10). 

12. Projection exposure apparatus according to claim 10, characterised in that the 
terminating element (444; 544) can be displaced in a plane (28) that is parallel to 
the light-sensitive layer (26) during a projection. 

13. Projection exposure apparatus according to claim 12, characterised in that the 
terminating element (444; 544) and the light-sensitive layer (26) have the same 
displacement speeds and displacement directions (496, 496b; 596a, 596b) during 
a projection. 

14. Projection exposure apparatus according to one of claims 10 to 13, characterised 
by an edge (490; 590) that prevents a lateral discharging of the first immersion 
liquid (434a; 534a) from the terminating element (444; 544). 

15. Projection exposure apparatus according to claim 14, characterised in that the 
edge (490; 590) is part of a tank (488; 588) being open in the direction towards 
the final lens (L5) of the projection lens (20) on the image side and having a bot- 
tom (486) in which the terminating element (444; 544) is arranged. 

16. Projection exposure apparatus according to one of claims 9 to 15, characterised in 
that the terminating element (444) can be tilted about a tilt axis (TA) that runs 
parallel to the image plane (28). 

17. Projection exposure apparatus according to claim 16, characterised in that the tilt 
axis (TA) extends perpendicular to a direction of motion (496a) of the terminating 
element (444). 

18. Projection exposure apparatus according to claim 17, characterised in that during 
an exposure intermission, the terminating element (444) can be tilted in such a 
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way that the largest spacing between the terminating element (444) and the light- 
sensitive layer (26) is situated, in the direction of motion (496a), at the front. 

19. Projection exposure apparatus according to one of claims 9 to 18, characterised in 
that the terminating element (444; 544) can be displaced perpendicular to the im- 
age plane (28). 

20. Projection exposure apparatus according to one of claims 9 to 19, characterised 
by a holding device (499a; 499b) which holds the second immersion liquid (434b; 
534b) in the second interspace (494; 594). 

21. Projection exposure apparatus according to claim 20, characterised in that the 
holding device (499a; 499b) holds the second immersion liquid (434b; 534b) in 
the second interspace (494; 594) in non-contacting manner. 

22. Projection exposure apparatus according to claim 21, characterised in that the 
holding device comprises at least one gas nozzle (499a; 499b) having a discharge 
aperture that can be directed towards the second immersion liquid (434b; 534b). 

23. Projection exposure apparatus according to one of claims 9 to 22, characterised in 
that the first interspace (492; 592) is arranged in a sealable container (90). 

24. Projection exposure apparatus according to claim 23, characterised by a supply 
device (92, 94) for supplying a vapour phase of the first immersion liquid (434a; 
534a) into the container (90). 

25. Projection exposure apparatus according to claim 24, characterised in that the 
vapour pressure of the vapour phase of the first immersion liquid (434a, 534a) in 
the container (90) is adjustable in such a way that is at least approximately equal 
to the saturation vapour pressure of the vapour phase of the first immersion liquid 
(434a; 534a) at the temperature prevailing in the container (90). 

26. Projection exposure apparatus according to one of claims 9 to 25, characterised in 
that the first interspace (592) is covered by a cover (500) in the upward direction. 

27. Projection exposure apparatus according to claim 26, characterised in that, be- 
tween the cover (500) and the first immersion liquid (434a), an interspace remains 




which is filled with a protective gas having a density that is greater than the den- 
sity of a surrounding gas. 

28. Projection exposure apparatus according to claim 27, characterised in that the 
solubility of the protective gas in the first immersion liquid is less than 10" 4 per- 
cent by volume. 

29. Projection exposure apparatus according to one of claims 26 to 28, characterised 
in that the cover (500) has a recess (502) in the region of the final lens (L5) on the 
image side. 

30. Projection exposure apparatus according to one of claims 26 to 29, characterised 
in that the cover (500) at least largely seals the tank (588) in the upward direction. 

31. Projection exposure apparatus according to claim 30, if dependant on claim 14, 
characterised in that the edge (590) slides along the underside of the cover (500) 
in a sealing manner during a displacement movement of the terminating element. 

32. Projection exposure apparatus according to claim 31, characterised in that the 
edge (590) is constructed in such a way that a liquid film consisting of the first 
immersion liquid (534a) always remains between an upward-pointing lateral face 
of the edge (590) and the cover (500). 

33. Projection exposure apparatus according to claim 32, characterised in that a liquid 
reservoir (508) is sunk in the upward-pointing lateral face of the edge (590). 

34. Projection exposure apparatus according to claim 33, characterised in that the 
immersion liquid (534a) in the liquid reservoir (508) is under elevated pressure. 

35. Projection exposure apparatus according to claim 34, characterised in that first 
immersion liquid (534a) can be supplied under pressure (512) to the liquid reser- 
voir (508) from outside the tank. 

36. Projection exposure apparatus according to one of claims 31 to 35, characterised 
in that an overflow channel (5 1 8) is arranged on at least one outer side of the edge 
(590). 




37. Projection exposure apparatus according to claim 36, characterised in that a pro- 
tective gas (519) can be introduced into the overflow channel, the density of 

which is greater than the density of a surrounding gas. 

» 

38. Projection exposure apparatus according to one of claims 26 to 37, characterised 
in that the cover (500) is a plane-parallel plate. 

39. Projection exposure apparatus according to one of claims 9 to 38, characterised in 
that the terminating element (500) has a refractive index that is at least approxi- 
mately the same as the refractive index of an adjoining immersion liquid (534a, 
534b). 

40. Projection exposure apparatus according to claim 39, characterised in that the 
refractive index of the terminating element (500) differs from the refractive indi- 
ces of the adjoining immersion liquids by no more than 1%, preferably by no 
more than 0.5%. 

41. Projection exposure apparatus according to claim 40, characterised in that adjoin- 
ing immersion liquid (434a, 434b; 534a, 534b) is water and at least the boundary 
surfaces of the terminating element (444; 544) consist of LiF. 

42. Projection exposure apparatus according to one of claims 9 to 41, characterised in 
that the terminating element (444; 544) has a rectangular, circular or oval shape 
parallel to the image plane. 

43. Projection exposure apparatus according to one of claims 9 to 42, characterised in 
that the first immersion liquid (434a; 534a) differs from the second immersion 
liquid (434b; 534b). 

44. Projection exposure apparatus according to claim 43, characterised in that the first 
immersion liquid (434a; 534a) has a lower surface tension than the second im- 
mersion liquid (434b; 534b). 

45. Projection exposure apparatus according to claim 43 or 44, characterised in that 
the first immersion liquid (434a; 534a) has a lower viscosity than the second im- 
mersion liquid (434b; 534b). 




46. Projection exposure apparatus according to one of claims 43 to 45, characterised 
in that the first immersion liquid (434a; 534a) has a lower chemical reactivity 
than the second immersion liquid (434b; 534b). 

47. Projection exposure apparatus according to one of the preceding claims, charac- 
terised in that the terminating element (44; 244; 444; 544; 644; 744; 844; 944; 
1044; 1 144) has no refractive power. 

48. Projection exposure apparatus according to one of the preceding claims, charac- 
terised in that the terminating element (44; 244; 444; 544; 644; 744; 844; 944; 
1044; 1 144) is a plane-parallel plate. 

49. Projection exposure apparatus according to one of the preceding claims, charac- 
terised in that the terminating element (44) comprises at least two members (44a; 
44b; 644a; 644b; 844a; 844b; 944a; 944b) consisting of birefringent cubic crys- 
tals, the thicknesses of which are so chosen and the crystal lattices of which are so 
oriented relative to one another that the influence of intrinsic birefringence on 
projection light (13) passing through the two members is at least approximately 
compensated. 

50. Projection exposure apparatus according to claim 49, characterised in that the two 
members (44a, 44b; 644a, 644b) are joined to one another seamlessly. 

51. Projection exposure apparatus according to claim 49, characterised in that an in- 
terspace (899; 999) remains between the two members (844a, 844b; 944a, 944b). 

52. Projection exposure apparatus according to claim 51, characterised in that the 
interspace (999) is filled with a liquid (34). 

53. Projection exposure apparatus according to claim 51 or 52, characterised in that at 
least one of the surfaces adjoining the interspace of the two members (844a, 844b; 
944a, 944b) is curved. 

54. Projection exposure apparatus according to claim 53, characterised in that both 
surfaces adjoining the interspace extend at least approximately parallel to one an- 
other. 
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55. Projection exposure apparatus according to one of the preceding claims, charac- 
terised in that a protective layer (76, 78; 178) that is impermeable in respect of 
immersion liquid (34) is applied on at least one surface (70, 73; 173) of the termi- 
nating element (44) that is able to come into contact with immersion liquid (34). 

56. Projection exposure apparatus according to claim 55, characterised in that the 
protective layer has a compactness greater than 98%. 

57. Projection exposure apparatus according to one of the preceding claims, charac- 
terised in that at least one surface (173) penetrated by projection light (13) or a 
protective layer (278) applied to the surface of the terminating element (244) is 
reworked for the purpose of correcting wavefront errors by a local removal of ma- 
terial (79a, 79b). 

58. Projection exposure apparatus according to one of the preceding claims, charac- 
terised in that the final lens on the image side (L605) is convex-concave or bicon- 
vex. 

59. Projection exposure apparatus according to claim 58, characterised in that the 
final lens (L605) on the image side has an aspherical nonplanar surface on the im- 
age side. 

60. Projection exposure apparatus according to claim 58 or 59, characterised in that 
the final lens on the image side has an aspherical nonplanar surface on the lens 
side. 

6 1 . Method for microlithographic production of a microstructured component having 
the following steps: 

a) Provision of a projection exposure apparatus according to one of the preceding 
claims, comprising a projection lens (20; 220; 320; 420; 520; 620; 720; 820; 920; 
1020; 1120); 

b) Provision of a support (30), onto which a light-sensitive layer (26) has been ap- 
plied at least partially; 
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c) Arrangement of a reticle (24), which contains structures to be imaged, in an ob- 
ject plane (22) of the projection lens (20); 

d) Projection of at least a part of the reticle (24) onto a region on the layer (26) with 
the aid of the projection exposure apparatus (10). 

62. Method according to claim 61, if dependant on one of claims 10 to 15, character- 
ised by the following additional steps: 

— Introduction of the first immersion liquid (434a; 534a) into the first interspace 
(492; 592); 

— Introduction of the second immersion liquid (434b; 543b) into the second in- 
terspace (494; 594); 

— Synchronous displacement of the support (30) and the terminating element 
(444; 544) during a scanning projection if the reticle (24) onto the light- 
sensitive layer (26). 

63. Method according to claim 62, characterised in that the terminating element (444) 
is displaced synchronously with the support (30) in a position tilted relative to the 
image plane (28) during a positioning movement performed in an exposure inter- 
mission. 

64. Method according to claim 63, characterised in that the terminating element (444) 
is tilted about a tilt axis (TA) that extends perpendicular to a direction of motion 
(496b) of the support (30). 

65. Microstructured component, characterised in that it is produced by a method ac- 
cording to claims 61 to 64. 



[Figures 1 to 16 can be seen from the original document.] 



